SUMMARY
INTRODUCTION
Bacteriocins, peptides with antimicrobial activity produced by lactic acid (LAB) and others groups of bacteria, are of great interest to the food industry as they are innocuous, sensitive to digestive proteases, and do not change the organoleptic properties of the food. In view of the relatively high cost of commercial media recommended for LAB culture (Daba et al. 1993; De Vuyst, 1995) , we have evaluated residual substrates such as milk whey or mussel processing wastes as substitutes (Goulhen et al., 1999; Guerra and Pastrana, 2001;  available and easily saccharificable starchy medium with moderate protein content (González et al. 1992; Murado et al. 1993; Pastrana et al. 1995; Pintado et al. 1999) , could represent an appropriate growth substrate.
In the evaluation of a microbial culture medium it is important to be able to define quickly the kinetic of growth. By use of multivariable factorial analysis, Guerra and Pastrana (2002) were able to predict the inhibition of the pediocin production by Pediococcus acidilactici by the presence of glucose in MPW. This was not predicted by the classical and more laborious approach to the Monod model. In this paper we report a new procedure for evaluating potencial microbial growth substrates that combines the flexibility of the factorial methods with the robustness of the classic approach. The developed method is mathematically robust experimentally verified and that can be generalized to any type of microbial culture.
MATERIALS AND METHODS

Micro-organisms and culture media
Pediococcus acidilactici NRRL B-5627 a pediocin-producing strain, was provided by the Northern Regional Research Laboratory (Peoria, Illinois, USA). The basic culture medium (M) was prepared by saccharification and dilution of MPW by methods described previously (González et al. 1992; Murado et al. 1993; Pastrana et al. 1995) , and included the following (g l ).
MgP1 and MgP2 media: Mg media supplemented with peptone (6 and 12 g l -1 , respectively).
MgY media: Mg media supplemented with yeast extract (6 g l -1 ).
In all cases, pH was adjusted to 7.0 and solutions were sterilised by steam flow for 60 min. Cultures were carried out in 250 ml Erlenmeyer flasks with 50 ml of medium, at 30ºC, with orbital shaking at 200 rpm. Inocula (1% v/v) consisted of cellular suspensions from 20 hour-aged cultures on M medium, adjusted to an OD (700 nm) of 0.90.
Analytical methods
At pre-established times, each culture sample was divided into two aliquots. The first was centrifuged at 10,000  G for 15 min, and the sediment washed twice and resuspended in distilled water to an appropriate dilution to measure OD at 700 nm. The dry weight can then be estimated from a previous calibration curve. The corresponding supernatant was used for the determination (data not showed) of reducing sugars, proteins, and lactic acid. The second aliquot was used for the extraction and quantification of bacteriocin, using Carnobacterium piscicola CECT 4020 (Spanish Type Culture Collection) as an indicator, according to the method of Cabo et al. (1999) . All assays were carried out in duplicate.
Numerical methods
Fitting procedures and parametric estimations calculated from the results, as much in simulations as in the inhibition experiments, were carried out by minimisation of the sum of quadratic differences between observed and model-predicted values, using the non linear least-squares (quasi-Newton) method provided by the macro 'Solver' of the Microsoft Excel 97 spreadsheet.
RESULTS AND DISCUSSION
Simulation of microbial growth with and without substrate inhibition
The calculation of the substrate inhibition coefficient in the context of microbial growth generally requires a laborious experimentation and is sensitive to error. However, quantitative evidence for this type of inhibition can be reduced to comparing production, prior to reaching their asymptotic values, as a function of substrate concentration. In addition, it can be demonstrated that although this methodology can raise doubts about its validity, leads to results without possibility of misinterpretation.
In effect, it is conventionally assumed that the growth of a microbial culture can be described by means the logistic equation: A more realistic assumption is to accept that the initial substrate concentration affects not only the specific rate , but also the maximum biomass K of the logistic process. In this case it is sufficient to introduce the term K=bS into equation Under the same conditions of the previous case this expression gives the curve grouping in The usefulness and limitations of these models will be discussed in the section of conclusions. Figure 3 shows the results obtained when the conditions described above are applied to cultures of P. acidilactici at two pre-asymptotic incubation periods (16 and 22 h) in different media with the specified glucose supplements. The parametric estimations calculated from equation [5] for biomass and pediocin at 16 h are given in Table 1 .
Substrate inhibition in P. acidilactici cultures
These figures and tables illustrate that the kinetic behaviour of the biomass and pediocin productions are affected by the glucose, peptone and yeast extract supplements.
With regard to biomass, glucose causes an susbtrate inhibitory effect under all conditions and incubation times (0.010   0.006), while stimulatory effect of yeast extract is located between the ones due to the two assayed peptone levels. Pediocin production is not sensitive to the inhibition by glucose, or the effect is scarcely detectable (0.002   0), while the stimulatory effect of peptone, even at the lowest tested level, is larger than from yeast extract. 
